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 Epigenic karsts are characterized by surface and subsurface development features (such 
as sinkholes, springs, caves) and strong hydrological connections with the surface (White, 1988; 
Ford and Williams, 2007).  For decades, epigenic karst aquifers have been known to be more 
vulnerable to surface contaminants than non-karst aquifers.  Therefore they have raised specific 
concerns for water managers in terms of water quality and water resource protection (Mull et al., 
1988; Brahana et al., 2014).  In addition, the recent growth of confined animal feeding operations 
(CAFOs) on epigenic karst terranes has raised new concerns about karst aquifer’s vulnerability 
(Brahana et al., 2014).  
This study focuses on Grayson-Gunnar Cave (GGC, Figure 2), an 11-km-long cave 
system along the Cumberland Escarpment of Southeastern Kentucky. The regional lithology 
consists of Mississippian carbonates capped by Pennsylvanian clastic rocks (Figure 1).  The 
active cave is primarily developed in the St. Louis formation (red arrow).  Surveyed passages in 
GGC include two branches of an underground stream with strong connections to surface input.  
The south branch of this watershed includes low-density grazing and residential septic tanks.  
The north branch includes a CAFO for poultry. 
This research comprises two related objectives in the study of the GGC system: 1) to 
assess its connectivity with potential point sources of anthropogenic contamination (septic 
systems and CAFOs); and 2) to determine fate and travel time of nutrients within the cave.  The 
results from this study will serve for a greater understanding of the critical zone, deeper 
groundwater, and impact of changing land use on epigenic karst aquifers of the Cumberland 
Escarpment. 
       
Figure 1. Right SE to NW stratigraphic     Figure 2. Left Surveyed passages of GGC in white.  Yellow dots are dye   
cross section along the Cumberland                            injection sites. Red arrows are expected dye paths. Blue dots  
Escarpment (Simpson and Florea, 2009).                    are activated charcoal packets deployment sites. 
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Preliminary data from summer 2015 reveal elevated concentrations of nitrogen and 
phosphate as expected (Figure 3).  Nitrate concentrations were more dilute during storm events, 
but phosphate concentrations increased due to mobilization of sediment substrates.  Dissolved 
organic carbon (DOC) concentrations spiked during storm events and, combined with values of 
specific UV absorbance (SUVA), suggested the rapid transfer of organic matter from the land 
surface with limited degradation.  
 
Figure 3. Concentrations of nitrate, ammonia and phosphate measured from weekly samples at GGC spring and 
plotted with discharge. The horizontal dashed lines represent EPA standards for nitrate (black) and phosphate (gray). 
 
In contrast, neither rhodamine WT dye injected into a well near the CAFO nor uranine 
injected into a domestic septic system, both in the headwaters of the aquifer, appeared at the 
spring after six weeks and multiple storm events.  These results highlight the decoupling between 
fast flow through sinkholes and conduits and more diffuse flow in the epikarst. 
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